Abstract This study evaluated the effect of resistance training (RT) volume on muscular strength and on indicators of abdominal adiposity, metabolic risk, and inflammation in post-menopausal women (PW). Thirtytwo volunteers were randomly allocated into the following three groups: control (CT, no exercise, n = 11), lowvolume RT (LV, three sets/exercise, n = 10), and highvolume RT (HV, six sets/exercise, n = 11). The LV and HV groups performed eight exercises at 70 % of one maximal repetition, three times a week, for 16 weeks. Muscular strength and indicators of abdominal adiposity, metabolic risk, and inflammation were measured at baseline and after 16 weeks. No differences were found in baseline measures between the groups. The PW showed excess weight and fat percentage (F%), large waist circumference (WC), high waist-hip ratio (WHR), and hypercholesterolemia and borderline values of glycated hemoglobin (HbA1c%). Following the RT, a similar increase in muscle strength and reduction in F% from baseline were found in both trained groups. In HV, a decrease in total cholesterol, LDL-c, WC, and WHR was noted. Moreover, the HV showed a lower change (delta%) of interleukin-6 (IL-6) when compared to CT (HV = 11.2 %, P 25-75 = −7.6-28.4 % vs. CT = 99.55 %, P 25-75 = 18.5-377.0 %, p = 0.049). In LV, a decrease was noted for HbA1c%. There were positive correlations (delta%) between WHR and IL-6 and between IL-6 and TC. These results suggest that while a low-volume RT improves HbA1c%, F%, and muscular strength, a high-volume RT is necessary to improve indicators of abdominal adiposity and lipid metabolism and also prevent IL-6 increases in PW.
Introduction
The American College of Sports Medicine (ACSM) recommends resistance training (RT; two to three times a week, eight to ten exercises, and one to three sets of 8-15 repetitions at 60-80 % of one repetition maximum) to improve muscular mass and strength and avoid sarcopenia in the elderly (American College of Sports 2009; Garber et al. 2011) . Another well-established benefit of RT is the prevention of abdominal and total fat gain and increases in markers of both inflammation and metabolic risk factors (American College of Sports 2009; Garber et al. 2011; Lera Orsatti et al. 2014; Maesta et al. 2007; Orsatti et al. 2010a; Phillips et al. 2012; Senechal et al. 2012) . However, it has been established that a higher volume (amount) of exercise (or higher energy expenditure) reduces abdominal fat and metabolic risk factors in overweight and obese people (American College of Sports 2009; Friedenreich et al. 2015; Garber et al. 2011; Lera Orsatti et al. 2014; Nimmo et al. 2013) .
In RT, the energy cost of one set of 8-15 repetitions of eight resistance training exercises is 70-80 kcal in young and elderly women (Haddock and Wilkin 2006; Phillips and Ziuraitis 2004) . Even adding post-exercise oxygen consumption, a three-set RT protocol performed two to three times a week may not be enough to meet the recommendations of minimal energy expenditure per week (1200 kcal; American College of Sports et al. 2009; Garber et al. 2011) . Moreover, the number of transitions from rest to exercise in intermittent exercise (such as RT) has been suggested (Combes et al. 2015) to be critical to lead to sufficient metabolic fluctuations for activation of important signaling proteins that regulate mitochondrial biogenesis in young adults (Braun and Schulman 1995) . Thereby, resistance exercise volume has been shown to be positively associated with activation of signaling pathways that regulate PGC-1α (Ahtiainen et al. 2015) . Ahtiainen et al. showed that ten sets of RT induced greater activation of signaling pathways that regulate PGC-1α when compared to five sets. Collectively, these data have suggested that lowvolume RT (up to three sets) may lead to insufficient metabolic fluctuations for activation of signaling proteins that regulate mitochondrial biogenesis. As the reductions in body fat and metabolic risk factors appear to be directly associated with either an enhancement of the muscle aerobic function (mitochondrial content) (Kelley 2005; Wisloff et al. 2005) or (and) a higherenergy expenditure (Friedenreich et al. 2015; Nimmo et al. 2013) , three-set RT protocol may not be enough to promote reduction in body fat and metabolic risk factors (Davidson et al. 2009; Lera Orsatti et al. 2014; Nimmo et al. 2013; Slentz et al. 2011) . However, increasing the number of total sets in a RT protocol while keeping the same load (intensity) corresponds to an increased volume/energy expenditure (American College of Sports 2009; Garber et al. 2011; Haddock and Wilkin 2006) and a sufficient metabolic fluctuation for activation of signaling proteins that regulate mitochondrial biogenesis (Ahtiainen et al. 2015) . Thus, it would seem reasonable to assume that performing RT with the double the volume (from three to six sets) is an important stimulus for promoting positive effects on indicators of body fat and metabolic risk.
Post-menopausal women (PW) may obtain unique benefits from RT with a higher volume because menopause is accompanied by changes in body composition which are characterized by an increase in body fat, especially at the abdomen, and progressive reduction in strength and muscle mass (sarcopenia; Kamel et al. 2002; Pfeilschifter et al. 2002; Sirola and Rikkonen 2005; Toth et al. 2000) . Abdominal obesity gain increases the risk of post-menopausal endometrial, colon, and breast cancers (Hartz et al. 2012; Krishnan et al. 2013) . Moreover, abdominal obesity is a pro-inflammatory state that contributes to the development of components of metabolic syndrome (dyslipidemia, insulin resistance, and high blood pressure), which are important risk factors of cardiovascular diseases, the major cause of death among PW (Eguchi et al. 2012; Hartz et al. 2012; Orsatti et al. 2010b; Petri Nahas et al. 2009; Pfeilschifter et al. 2002; Zhang et al. 2008) . High serum levels of inflammation factors released by adipose tissue, such as interleukin (IL)-6, have been reported to predict disability and sarcopenia, independently of other known risk factors (Gallucci et al. 2007) , particularly in older women (Ferrucci et al. 2002; Payette et al. 2003) . Sarcopenia is usually associated with functional impairment and physical disabilities among elderly women, and it has been associated with an increased risk of falls and osteoporotic fractures (Rantanen 2003; Sirola and Rikkonen 2005) .
Understanding the relationship between variables of training (i.e., amount of exercise or volume) and physiologic adaptations is important to develop effective training protocols (American College of Sports et al. 2009; Garber et al. 2011) . The dose-response benefits of exercise can be well estimated from controlled and randomized trials. However, none of the controlled and randomized trials have been designated to compare volumes over the three sets of RT on body fat and metabolic risk factors in PW. Therefore, to confirm the effects of RT volume beyond traditional RT protocol, we investigated the effects of two different RT volumes (three sets vs. six sets) on pro-inflammatory cytokines, muscular strength performance and indicators of abdominal adiposity, and glucose and lipid metabolism in PW. We hypothesized that high-volume RT would elicit greater improvement when compared to lowvolume RT in the variables mentioned above.
Methods

Subjects and design of the study
This randomized and controlled study was concluded with 32 of 101 women, aged >45 years, selected at a neighborhood association near the Federal University of Triângulo Mineiro, Brazil (Fig. 1) . All volunteers included were PW aged 50 or older, characterized by spontaneous amenorrhea for at least 12 months, follicle-stimulating hormone (FSH) level greater than 40 mIU/ml. The inclusion criteria consisted of no hormone therapy or phytoestrogens; controlled blood pressure and glycemia; absence of myopathies, arthropathies, and neuropathies; absence of muscle, thromboembolic, and gastrointestinal disorders; absence of cardiovascular and infection diseases; non-drinker; and non-smoker. Prior to the study, thyroid-stimulating hormone (TSH) and free thyroxin (T4) levels were measured to exclude thyroid dysfunctions. All selected women agreed with the terms of the study and signed the free and informed consent approved by the Research Ethics Committee of Federal University of Triângulo Mineiro, Brazil. The initial evaluation consisted of questionnaires and an interview. Data collected included information about behavioral habits, history of illnesses and medicine intake, nutritional habits, and physical activity. After the initial assessment, all the volunteers were randomly divided into the following three groups: control (CT, n = 13), low volume (LV, n = 13), and high volume (HV, n = 12). Six women dropped out of study (accident, health-related, and personal problems); therefore, the final sample size was 32 women, CT, n = 11; LV, n = 10, and HV, n = 11. Of the 32 women, 20 medication users were identified. Four used glucose-lowering drugs (CT = 1, LV = 2, and HV = 1), five used lipid-lowering drugs (CT = 2, LV = 2, and HV = 1), four used anti-inflammatory drugs (CT = 1, LV = 2, and HV = 1), and 16 used blood pressure-lowering drugs (CT = 5, LV = 6, and HV = 5). The CT group performed stretching activities twice a week and did not participate in the RT routine. The LV group performed a RT protocol constituted of three sets of 8-12 repetitions at 70 % of one repetition maximum (1RM) with 1.5 min of rest interval between sets and exercises, three times a week. The HV group performed the same RT protocol as described for LV, except for the number of sets which was six (Fig. 2) . Muscle strength (maximum leg extensor strength), anthropometric measures (skinfold, waist, and hip circumference), blood samples (metabolic and inflammatory indicators), and dietary intake (3-day food record) were measured at the beginning and at the end of the study (week 16). To avoid residual effects of training, all final measurements were performed 72 h after the last session of training.
The women who dropped out or did not meet the compliance requirements were not retested, and an intention-to-treat analysis was not performed post hoc.
Anamnesis
Preliminarily, all volunteers were submitted to anamnesis to detect age, labor situation, indicators of health and history of past and present illnesses, medicinal and physical activities, and nutritional habits.
All women were submitted to a 3-day food record (2 days in the middle of week and 1 day on the weekend; Thompson and Byers 1994) . Energy and macronutrients (carbohydrates, proteins, and fats) were quantified. Data were corrected for body weight to attenuate the interindividual differences. Data were calculated by a nutritionist, and the software BDietpro^5i version was used.
Anthropometric and body composition assessments
Body weight and height were measured with a digital scale (Lider ® , Brazil) and a stadiometer fixed to the scale, respectively. Body mass index (BMI) was classified according to the system used by the World Health Organization. Waist circumference (WC) and waist-hip ratio (WHR) were measured as an indicator of abdominal fat distribution. WC was assessed with an inelastic tape and was considered large when WC > 80 cm. WC was measured midway between the lowest rib margin and the iliac crest in the anatomical position. The measurement was taken at the end of a normal respiration, while subjects stood erect with arms hanging loosely at the sides and feet were together. The WHR was considered high when WHR > 0.85 (Bray and Ryan 2000) .
The skinfolds were evaluated with the adipometer (Lange ® ) on the right side of the body and were carried out at four sites (biceps, triceps, subscapular, and suprailiac). Three measurements were performed on each skinfold and the mean value was taken. Body density (BD) was determined by the equation proposed by Durnin and Womersley (1974) , and the body fat percentage (F%) was determined by the equation proposed by Ortiz et al. (1992) . Both equations were selected specifically for the population of this study. 
Maximum strength assessment and resistance training
One repetition maximum (1RM) test was performed to assess the maximum muscle strength in each exercise. Before 1RM test, all volunteers attended a 1-week familiarization period with low loads in order to learn the exercise techniques. After this week, three sessions in non-consecutive days of the 1RM test familiarization were performed, and afterward, the 1RM test was also performed. The load used as the maximum weight was the weight of the last exercise successfully performed (full range of motion) by the individual. Three to five attempts were used to determine the maximum load. The leg extension strength was used as an indicator of the muscle strength gain. An experienced examiner performed all 1RM measures. A 3-day-a-week regimen of the RT protocol was performed during 16 weeks. All workouts were supervised by a qualified professional. The protocols followed the recommendations of the American College of Sports Medicine Guidelines for hypertrophy (American College of Sports 2009). No exercise other than RT was allowed. The protocol consisted of dynamic exercises for the upper and lower limbs. The exercises were squat, leg curl, leg extension, bench press, rowing machine, pull down, triceps pulley, and barbell curls.
HV and LV groups performed the RT protocol with 8-12 repetitions at 70 % 1RM. A warm-up (one set of 15 repetitions) with 40 % of 1RM was done in each exercise beforehand, and then, the LV group performed three sets and the HV six sets. The HV started the study with three sets and increased one set per week until they reached six sets and then kept on with that set amount for 12 weeks (Fig. 2) . A resting period of 1.5 min was established between the sets and exercises. During the workout, the participants were advised to perform eccentric actions in 1 s and concentric actions in 1 s. During the training period, in the eighth week, the load was adjusted with the 1RM test to keep the relative load Blood samples Blood samples (16 ml) were collected between 7:30 AM and 9:00 AM after an overnight fast (10-12 h). The blood samples (venous) were collected by a dry tube with gel separator or EDTA (vacuum-sealed system; Vacutainer ® , England). The sample was centrifuged for 10 min (3.000 rpm), and samples were separated and stocked (−20°C) for futures analysis.
The blood indicators were measured by the respective methods, electrochemoluminescence (serum lipid profile), kinetic (serum estradiol (E 2 ), FSH, T4, and TSH), automated colorimetric (plasma-glycated hemoglobin; Cobas 6000 equipment; Kit-Roche . 5 (Friedewald et al. 1972 ) was used to determine the low-density lipoprotein (LDL)-cholesterol.
Statistical analysis
Data distribution was determined using the Shapiro-Wilk test. The data are presented as median and interquartile range (P25-P75) or mean and standard deviation. Wilcoxon test was used to compare moments within groups. ANOVA repeated measure was solely used to compare RT volume. Kruskal-Wallis and post hoc rank were used to compare the groups at baseline and delta%. Spearman's coefficient of rank correlation was used to associate variables. Effect sizes were measured by Cohen's r (non-parametric data; r = Z/√N) to compare the efficiency of groups. Cohen's effect sizes (r) were interpreted as follows: r < 0.1 = null effect, r < 0.3 = small effect, r < 0.5 = medium effect, and r ≥ 0.5 = large effect (Fritz et al. 2012 ). The significant level was set at 5 %.
Results
At first, the baseline clinical characteristics of all groups were interpreted and statistically compared. The E 2 and FSH values were within the normal range for PW (Table 1 ). All participants showed excess weight and F%, large WC, high WHR, hypercholesterolemia, and borderline values to glycated hemoglobin (HbA1c%) altered (Tables 1, 3, and 4) . The other clinical characteristics were within the normal range. There were no differences between groups for all baseline clinical characteristics, except for protein intake (Table 2) which was higher in HV group when compared to LV group.
After that, the changes after 16 weeks of intervention (pre vs. post) and delta% of all groups were interpreted and statistically compared. There were no muscular and joint injuries to subjects. Both trained groups increased the 1RM performance in a similar way (effect size LV, r = −0.62; HV, r = −0.62; Table 5 ). The LV group reduced the HbA1c% (effect size r = 0.51), while the HV group reduced the total cholesterol (TC; effect size r = 0.55) and LDL-cholesterol (LDL-c; effect size r = 0.53; Table 3 ). All groups reduced F%; however, solely trained groups showed large effect size (effect size CT, r = −0.16; LV, r = −0.50; HV, r = −0.50). Only the HV group reduced the WC (effect size r = 0.49) and the WHR (effect size r = 0.62; Table 4 and Fig. 3 ). For the IL-6, there were no differences from baseline (pre vs. post) in all groups. However, when the IL-6 delta% were compared, the IL-6 delta% of HV group was lower than the delta% of the CT group (effect size r = −0.47; Fig. 4) . The dietary intake, high-density lipoprotein (HDL)-c, very low-density lipoprotein (VLDL)-c, TG, IL-1, and TNF-α were unchanged after 16 weeks of RT (Tables 2, 3 , and 4).
The WHR delta% was positively correlated with IL-6 and WC deltas%. IL-6 and LDL-c were positively correlated with TC (Table 6 ).
Discussion
The purpose of this study was to compare the effect of different RT volumes (three or six sets) on muscular strength and indicators of abdominal adiposity, metabolic risk, and inflammation in PW. The main findings were that while lower-volume RT improves HbA1c%, F%, and muscular strength, a higher-volume RT is necessary for improving TC, LDL-c, WC and WHR and also for preventing IL-6 increase in PW.
Abdominal obesity is an important metabolic risk factor and also an indicator of all-cause and cardiovascular mortality in PW (Eguchi et al. 2012; Orsatti et al. 2010b; Petri Nahas et al. 2009; Zhang et al. 2008) . Therefore, identification of efficient interventions against obesity is necessary to PW. Thereby, exercises have shown to be an effective strategy against obesity. However, the exercise volume appears to play an important role in response magnitude of fat loss (Davidson et al. 2009; Friedenreich et al. 2015; Lera Orsatti et al. 2014; Slentz et al. 2011 ). This volume-response relationship has been well evidenced in moderate intensity aerobic exercise (Friedenreich et al. 2015) . For instance, Friedenreich et al. (2015) showed that 5 days/week of moderate aerobic exercise for 60 min/session (300 min/ week) are superior to 5 days/week for 30 min/session (150 min/week) for improving aerobic function and reducing total fat and other adiposity measures in PW (Friedenreich et al. 2015) . Thereby, the reductions in body fat in PW appear be directly associated with either an enhancement of the muscle aerobic function (mitochondrial content; Kelley 2005; Wisloff et al. 2005) or (and) a higher-energy expenditure (Friedenreich et al. 2015; Nimmo et al. 2013 ). However, the role of RT volume on fat loss in PW is not clear. The RT protocol used to promote hypertrophy has shown modest to no effect on indicators of body fat and metabolic risk in PW (Brochu et al. 2009; Lera Orsatti et al. 2014; Maesta et al. 2007; Phillips et al. 2012; Senechal et al. 2012) , and there are no studies that have used more than three sets on indicators of body fat and metabolic risk in PW. Studies using acute resistance exercise have shown that higher RT volume is associated with higherenergy expenditure (Haddock and Wilkin 2006; Phillips and Ziuraitis 2004) and with greater activation of signaling pathways that regulate PGC-1α (Ahtiainen et al. 2015; Combes et al. 2015 ). In the current study, even though the F% was reduced in both trained groups, solely, the higher-volume RT (six sets) reduced abdominal fat indicators (WC and WHR) in PW. Considering that a greater number of sets (volume/amount of exercise) was performed in HV group (Fig. 2) and the dietary intake did not change between groups (Table 2) , a higher-volume RT seems to be necessary to reduce abdominal adiposity in PW.
Although WC and WHR are indirect measures of abdominal fat, it has been shown that they are highly correlated with the trunk fat measured by dual-energy Xray absorptiometry (Orsatti et al. 2010b ) and abdominal visceral fat measured by computed tomography and magnetic resonance imaging in older women (>40 years; Kamel et al. 2000; Pare et al. 2001; Rankinen et al. 1999; Ross et al. 1996) . Moreover, changes in abdominal visceral fat measured by magnetic resonance imaging and computed tomography during weight loss have been significantly correlated with the changes in WC and WHR in men and women (Kamel et al. 2000; Pare et al. 2001; Ross et al. 1996) . Thus, WC and WHR are good predictors of abdominal visceral obesity.
High serum levels of inflammatory indicators (i.e., IL-6 and C-reactive protein (CRP)) have been associated with the development of metabolic syndrome, an important risk indicator of cardiovascular diseases and sarcopenia in PW (Ferrucci et al. 2002; Gallucci et al. 2007; Payette et al. 2003; Petri Nahas et al. 2009; Zhang et al. 2008 ). In the current study, there was difference from baseline in all groups ( Table 4 ). The CT showed medium effect sizes (r of 0.43), while the HV showed a small effect size (r of 0.19). The probability of superiority for medium effects such as r of 0.43 (CT) is ∼75 %. That is, if we sampled items randomly, one from each moment (pre-and postintervention), the one from the post-intervention would be higher than the one from the pre-intervention for 75 % of the comparisons (Fritz et al. 2012) . Moreover, the IL-6 delta% was significantly lower in HV group than in the CT group, and the effect size was an r of −0.47 (the probability of superiority for an r of 0.47 is ∼78 % ; Fig. 4 ). The comparison of difference (delta%) between groups has been suggested the better approach in randomized controlled trial (Schulz et al. 2010) . The reason for this comparison is that the intervention and control groups have similar changes over time in the absence of intervention. Thereby, the difference between intervention and control groups occurs because of what happens during the trial, not what happened anyway (Schulz et al. 2010) . Thus, these data suggest that a higher-volume RT appears to be necessary for preventing IL-6 increase in PW. In a CT control group, LV low-volume group, HV high-volume group, BMI body mass index, E 2 estradiol, FSH follicle-stimulating hormone, T4 free tiroxin, TSH thyroid-stimulating hormone CHO (g/kg) 3.9 (2.6-4.7) 2.7 (2.2-3.3) 0.06 3.3 (2.7-4) 3.1 (3.0-4.4) 1.000 4.1 (2.8-4.9) 3.8 (2.8-5. CT control group, LV low-volume group, HV high-volume group, E energy intake, CHO carbohydrate intake, PTN protein intake, LIP lipid intake a Significant difference from LV group previous study, we have observed that higher RT frequency (3 vs. 1 day/week) prevented the rise of CRP (protein stimulated and produced in the liver by responding to proinflammatory cytokines) after 16 weeks of RT in sedentary and overweight PW (Lera Orsatti et al. 2014) . Furthermore, the results from cross-sectional and prospective epidemiological studies suggest that a higher level of physical activity (kcal/week) results in reduced levels of inflammatory indicators (Geffken et al. 2001; Kasapis and Thompson 2005; Pischon et al. 2003 ). Although we did not perform energy expenditure measures, we speculate that energy expenditure was higher in the HV group than in LV groups (Phillips and Ziuraitis 2004) . It is not clear how resistance training could influence the specific inflammatory activity. As solely, the HV group reduced WC and WHR and the delta% IL-6 was positively correlated with delta% WHR but not with F% (Table 6 ); our results suggest that a higher-volume RT is necessary to prevent an increased IL-6, mediated by abdominal fat reduction, in PW. Indeed, adipose tissue has been shown to be associated with pro-inflammatory cytokines (Coppack 2001) . Furthermore, the abdominal visceral adipose tissue releases higher serum levels of IL-6 than the subcutaneous adipose tissue (Fried et al. 1998) . However, in contrast to our results, Donges et al. (2010) reported that although both aerobic and resistance training decreased the abdominal and body fat, respectively, both training programs did not reduce IL-6 in sedentary subjects. Interestingly, the same study reported that only resistance exercise reduced CRP (Donges et al. 2010) . Recently, opposite to Donges et al., Lee et al. (2015) reported that although both aerobic and resistance training did not decrease the WHR and body fat, both training programs reduced IL-6 in older women (Lee et al. 2015) . Although the effects of RT in reducing are not yet fully understood, it has been suggested that RT may modulate melanocortin 3 receptor expression, providing a possible mechanism for the anti-inflammatory effects of exercise training in postmenopausal women (Henagan et al. 2011) . Moreover, it has also been suggested that these effects of RT on IL-6 may be mediated by modulation of antiinflammatory cytokine (IL-1 receptor antagonist, IL-10, and soluble TNF-α receptors) produced at other sites, such as skeletal muscle, adipose tissue, and mononuclear cells (de Salles et al. 2010; Petersen and Pedersen 2005) . High levels of cholesterol have accounted for 4.5 % of total deaths per year (Organization 2009), and menopause contributes to an unfavorable lipid profile (Matthews et al. 1989) . It has been shown that a reduction of 1 mmol/l (∼38.6 mg/dl) of TC reduces one third of the risk of mortality by cardiovascular disease in PW between 50 and 69 years (Collaboration 2007) . In the present study, only the high-volume group reduced TC (∼19.2 mg/dl) and LDL-c (∼23.6 mg/dl). Thereby, higher-volume RT seems to benefit the cardiovascular system by reducing the TC and LDL-c in PW. Moreover, we observed an association between IL-6 delta% with TC delta% (Table 6) , suggesting a possible mechanism in which higher-volume RT may influence cholesterol reduction. Indeed, inflammation has been reported to increase the lipid profile due to the increase of hepatic cholesterol synthesis and total HMG-CoA reductase activity Memon et al. 1993) .
RT has been well reported to improve insulin action (Willey and Singh 2003) and glycemic control (Sigal et al. 2007) . However, these effects may be diminished in sedentary women following acute exercise that induces muscle damage (Jamurtas et al. 2013 ), such as high-volume RT. Roth et al. showed that older women exhibit higher levels of muscle damage after high-volume RT than young women do (Roth et al. 2000) . In the present study, solely, the LV group reduced HbA1c%; however, the HV group's HbA1c% was not worsened (Table 3 ). Therefore, lowvolume RT seems to be more beneficial for lowering HbA1c% than high-volume RT, but the high-volume RT is safe for PW with respect to HbA1c%.
Lowered muscle strength is an important determinant of impaired functional capacity among PW. Impaired functional capacity has been associated with an increased risk of falls, increased mobility disability, and osteoporotic fractures (Legrand et al. 2014; Rantanen 2003; Sirola and Rikkonen 2005) . In the present study, we observed that the muscle strength increased with RT, regardless of RT volume (Tables 5 and 6 ). These findings suggest that a high volume (>three sets) is not necessary to promote additional strength gains in PW over LV. However, three sets have been reported to be better than one set to promote strength gains in older people (Alex et al. 2015; Galvao and Taaffe 2005; Radaelli et al. 2014) . Following this viewpoint, this information suggests that three sets could be a possible volume threshold to strength gains in PW. Studies in young people have provided evidence of a possible volume threshold and that additional volume provides no further benefits in muscle strength (Gonzalez-Badillo et al. 2005; Gonzalez-Badillo et al. 2006; Martin-Hernandez et al. 2013) , corroborating with this hypothesis. Delta% IL-6 r = 0.43, P = 0.022 r = 0.26, P = 0.168 r = 0.10, P = 0.588 r = 0.48, P = 0.010 r = 0.21, P = 0.246 r = 0.007, P = 0.971 Delta% TC r = 0.81, P = <0.001 r = 0.10, P = 0.562 r = 0.27, P = 0.122 r = 0.13, P = 0.456 r = −0.03, P = 0.830
Delta% LDL-c r = −0.01, P = 0.948 r = 0.14, P = 0.410 r = −0.02, P = 0.890 r = −0.05, P = 0.780 Delta Hb1Ac% r = −0.07, P = 0.694 r = −0.02, P = 0.873 r = 0.01, P = 0.936
Delta% WHR r = 0.72, P < 0.001 r = 0.33, P = 0.066 Delta% WC r = 0.24, P = 0.165
Delta% difference between moments, IL interleukin, TC total cholesterol, LDL-c low-density lipoprotein, Hb1Ac% glycated hemoglobin, WHR waist circumference hip ratio, WC waist circumference, and F% fat percentage CT control group, LV low-volume group, HV high-volume group *Significant difference from baseline, p < 0.05
Conclusion
The findings suggest that while low-volume RT improves HbA1c%, muscular strength, and F%, highvolume RT is necessary to reduce WC, WHR, TC, and LDL-c and also prevent IL-6 increase in PW. Therefore, PW who need to decrease anthropometric indicators of abdominal adiposity and improve lipid metabolism and inflammation would benefit from a progression of RT with volume ranging from three to six sets, whereas for HbA1c%, F%, and muscular strength improvements, the traditional volume RT (three sets) would suffice.
